Background {#Sec1}
==========

In about one-third of patients with an aneurysmal subarachnoid haemorrhage (SAH) the haemorrhage extends into the parenchyma \[[@CR1]\]. Patients with an intracerebral haematoma (ICH) after aneurysmal rupture have, in general, a worse clinical condition, higher fatality rate and smaller chance of functional recovery \[[@CR2]\]. Risk factors for intraparenchymal extension are largely unknown. Previous studies found no influence of age, pre-existing hypertension or sex \[[@CR2]\]. If risk factors can be identified, these factors could be included in the risk balance of treating unruptured aneurysms. In addition to clinical characteristics, aneurysm characteristics such as location, shape and direction of blood flow may contribute to the risk of ICH development.

We aimed to identify risk factors for intraparenchymal extension by comparing clinical and aneurysm characteristics between patients with and without intraparenchymal extension in a large cohort of patients with SAH.

Methods {#Sec2}
=======

From a prospectively collected database of patients admitted with SAH to our service, we retrieved all 310 patients who were admitted from January 2005 through December 2007 and who fulfilled the inclusion criteria for the current study: (1) patient's age was 18 years or higher at the time of diagnosis; (2) confirmed diagnosis of aneurysmal SAH by CT-scan and CT-angiography; and (3) the initial CT-scan was performed within 72 h from the onset of clinical symptoms. Patients with a clinical episode suggestive of rebleeding between admission and the initial CT-scan were excluded, as were patients with CT-angiography of poor quality or patients with multiple aneurysms in which the site of the ruptured aneurysm was unknown.

The following clinical information was retrieved for all patients from the database: (1) age; (2) gender; (3) smoking status, with smoking defined as a current smoker or quit smoking less than 10 years ago; (4) history of hypertension as diagnosed by physicians or the use of antihypertensive drug(s); (5) history of SAH defined as a previous episode of SAH, with treatment of the ruptured aneurysm; and (6) family history of SAH, with positive family history defined as at least one first-degree relative with SAH.

We reviewed the admission CT-scans of these patients to determine the presence of ICH independent from the clinical information. ICH was defined as an intraparenchymal blood collection with a diameter ≥1 cm on plain CT-scan. Then we sorted the patients by the time of diagnosis and retrieved the CT-angiograms of the latest 50 consecutive patients with and the latest 50 consecutive patients without an ICH. In these 100 patients, we assessed location and shape of the aneurysm and direction of blood flow into the aneurysm. With 50 patients per category, we had sufficient power to detect a risk ratio of 1.8 for risk factors present in half of the study population. We considered smaller risk ratios not clinically relevant.

The location of the aneurysm was divided into (1) anterior communicating artery (Acom) and the anterior cerebral artery (ACA); (2) middle cerebral artery (MCA); (3) internal carotid artery (ICA), including the posterior communicating artery; and (4) posterior circulation. We categorized the shape of the aneurysms into spherical, oblong, oval and multilobed as described previously based on the maximal length and width of they aneurysm \[[@CR3]\]. Maximal length is the largest distance measured between two points on the aneurysm which can be connected by a straight line. Maximal width is defined as the length of the longest perpendicular straight line on the line representing the maximal length. A spherical aneurysm is defined as a width of 81--100% of its maximal length, an oval aneurysm as a width of 61--80% of its maximal length and an oblong aneurysm as a width of 60% or less of the maximal length. Direction of blood flow is classified into three groups based on two angles measured at the point of the aneurysm, whereby "A" is defined as the angle made by the feeding vessel with the aneurysm and "B" the angle made by the feeding vessel with the main branching vessel \[[@CR3]\]. Blood flow is defined as curved when A is smaller than B. Thus, at the point of the aneurysm, a greater portion of the blood flows into the main branching vessel than into the aneurysm. When A is greater than B, and, therefore, more blood flows into the aneurysm than into the main branching vessel, blood flow is defined as straight. Finally, when the difference between A and B is less than five degrees, the blood flows are considered equivalent.

We calculated relative risks (RRs) with corresponding 95% confidence intervals (95%CIs) for the clinical and the aneurysmal characteristic. Regarding to location of the aneurysm and the direction of blood flow, we compared each location and direction separately with the other locations and directions combined as reference respectively. For shape, we compared spherical with non-spherical and calculated RRs with 95%CIs for oblong, oval and multilobed with spherical as reference in addition.

Results {#Sec3}
=======

The 310 included patients had a mean age of 57.9 years (range 22--88). Of these patients, 75 (24%) had an ICH. The mean age of the group that developed an ICH was 56.8 years (SD 12.8), and of the group without ICH it was 58.3 years (SD 13.6). The clinical and aneurysm characteristics and their risks for presence of an ICH are shown in Table [1](#Tab1){ref-type="table"}. RRs for ICH of the clinical factors studied varied from 0.5 (95%CI 0.2--1.3) for positive family history to 1.2 (95%CI 0.7--1.8) for males and were statistically not significant. Of all aneurysmal characteristics analysed, only the location of the aneurysm at the MCA (RR 1.8 95%CI 1.2--2.5) was statistically significantly associated with the presence of an ICH.Table 1The risk of developing an ICH for all characteristics studiedNo. of patients withNo. of patients withoutRelative riskICH (%)ICH (%)(95% CI)Clinical characteristics (*N* = 310)*N* = 75*N* = 235Gender Male19 (25.3%)51 (21.7%)1.2 (0.7--1.8) Female56 (74.7%)184 (78.3%)Age ≥55 year41 (54.7%)131 (55.7%)1.0 (0.7--1.4) \<55 year34 (45.3%)104 (44.3%)Smoking Yes28 (37.3%)104 (44.3%)1.0 (0.6--1.6)\* No23 (30.7%)84 (35.7%) Unknown24 (32.0%)47 (20.0%)Hypertension Yes40 (53.3%)145 (61.7%)0.9 (0.5--1.5)\* No16 (21.3%)51 (21.7%) Unknown19 (25.3%)39 (16.6%)History of SAH Yes1 (1.3%)6 (2.6%)0.6 (0.1--3.8)\* No70 (93.3%)227 (96.6%) Unknown4 (1.3%)2 (0.9%)Family history of SAH Yes4 (5.3%)33 (14.0%)0.5 (0.2--1.3)\* No35 (46.7%)130 (55.3%) Unknown36 (48%)72 (30.6%)Aneurysm characteristics (*N* = 100)*N* = 50*N* = 50Location Acom and ACA21 (42.0%)19 (38.0%)1.1 (0.7--1.6) MCA21 (42.0%)8 (16.0%)1.8 (1.2--2.5) ICA6 (12.0%)15 (30.0%)0.5 (0.3--1.0) Posterior circulation2 (4.0%)8 (16.0%)0.4 (0.1--1.3)Shape Spherical9 (18.0%)8 (16.0%) Non-spherical0.9 (0.6--1.5) Oblong14 (28.0%)10 (20.0%)1.1 (0.6--1.9) Oval17 (34.0%)13 (26.0%)1.1 (0.6--1.9) Multilobed10 (20.0%)19 (38.0%)0.7 (0.3--1.3)Blood flow Straight26 (52.0%)22 (44.0%)1.2 (0.8--1.7) Curved15 (30.0%)17 (34.0%)0.9 (0.6--1.4) Equivalent9 (18.0%)11 (22.0%)0.9 (0.5--1.5)\* Relative risk calculated based on less than 310 patients because data were not available for all

Discussion {#Sec4}
==========

The location of the aneurysm is a risk factor for presence of an ICH in patients with aneurysmal SAH: aneurysms originating from the MCA are associated with a higher risk than aneurysms at other locations. Other aneurysmal and clinical characteristics we studied were not associated with the presence of an ICH.

The absence of clinical factors as determinants for ICH from aneurysmal rupture is in line with previous studies. A study of 512 patients with SAH from Japan found no significant relationship between age and gender with ICH \[[@CR4]\]. In another prospective series of 1,076 patients, again, no differences were found for age, gender or hypertension between the group with or without ICH \[[@CR2]\]. One study did find a difference in age between patients with (59 years) and those without (52 years), but this study was restricted to patients with MCA aneurysms \[[@CR5]\]. Since we had not pre-specified this analysis beforehand, we have not performed the subgroup analyses.

Our finding that MCA aneurysms have a higher risk for ICH than aneurysms at other locations has been previously suggested \[[@CR2], [@CR6]\]. Most other aneurysmal characteristics studied had no or only little influence on the risk of ICH, with point estimates of the RR close to one. Because small increased or decreased RRs have no clinical relevance in deciding to treat an unruptured aneurysm or not, larger studies will not be embarked upon with enthusiasm.

We did not routinely use rotational digital subtraction angiography in our study population because in clinical practice treatment decisions and actual treatment are usually done on CT- or conventional angiography in our centre. We could, therefore, not reliably assess the presence of blebs on aneurysms, and did not include this characteristic in our set of determinants. The lack of routinely catheter angiography also precluded sophisticated flow measurements within the aneurysms. Another potential limitation of our study is the selection of patients for the assessment of radiological factors. We did not randomly retrieve patients, but selected patients on date of admission, starting with the last admitted patients. We have chosen this method because of its efficiency, as many older CT-angiograms were not easy to access. Since the retrieval of this subset of patients was done retrospectively and independent from clinical or other radiological factors, we believe this type of retrieval has not introduced any bias. The proportion of patients with ICH from a ruptured aneurysm in our studies is comparable to proportions in other studies, which supports the external validity of our study \[[@CR7], [@CR8]\].

The location of the aneurysm is a determinant of risk of ICH. Most of the other clinical and radiological characteristics we studied, are easily examined in daily practice, but have no predictive power for the presence of ICH. They can, therefore, not be used in clinical practice in the risk balance for treatment of unruptured aneurysms. Other aneurysmal characteristics, such as pulsatility and intraluminal flow patterns may be related to risk of ICH in case of ruptures, but for assessment of these characteristics, more sophisticated tools are needed than available in daily practice.
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